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Abstract
Student attendance and good health are two essential concepts that correlate with procuring
students' academic success. Students can gain knowledge with the ability to be present in the class
setting. Any disruption in the student's ability to attend class can have long-lasting negative
consequences. Chronic health conditions are the primary obstacles in student attendance. Chronic
health conditions such as asthma, sickle cell, childhood cancers, type 2 diabetes, and mental health
issues or defects are significant barriers to school attendance. School administrators, parents, and
community health partners are task with developing viable options for managing student healthcare
along with access to healthcare while increasing student attendance. The DNP candidate identified
the need to find strategies to improve student attendance and academic success. A school-based
health clinic (SBHC) is a feasible possibility to deliver health, wellness, and mental health access
while decreasing other health barriers to student attendance. The summation of the information
leads to the Doctor of Nursing Practice (DNP) project question: Does the implementation of a
school-based health clinic decrease the number of student absences for students in a 9th - 12th-grade
high school? This program evaluation project did evaluate the relationship of an SBHC on the
attendance of students in a ninth - twelfth-grade high school. The project's ultimate goal is to
improve student access to healthcare for school-age high school students, therefore increasing
student school attendance and academic achievement.

Keywords: school-based clinic, school attendance, chronic health conditions, school.
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Introduction
Chronic severe illness can have a detrimental effect on school attendance, participation,
and engagement, leaving affected students at risk of failing to meet their developmental potential
(Lum et al., 2017). Chronic health conditions and illness account for a substantial amount of
student days away from the classroom. Research suggests that children with chronic disease miss
a significant amount of school, often for periods long enough to negatively impact academic
performance and social well-being (Emerson et al., 2016). Absenteeism related to a chronic
health condition poses a threat to the future of many school-age children. The CDC (2019),
defines chronic disease broadly as conditions that last one year or more and require ongoing
medical attention or limit activities of daily living or both. In cases where there are poverty and
lack of accessibility to healthcare, chronic health conditions may go untreated or are poorly
managed, also increasing days away from class. Instances such as this increase emergency
department visits (ED) related to exacerbations of health conditions.
Background
Roughly twenty-five percent of the United States children have a diagnosis of a chronic
health condition; this is nearly fifty-six million children (CDC, 2017).

In the DNP project

setting, the average student enrollment is six hundred and sixty-one students, of which one
hundred and seven students have a known disability. There was an average of one hundred and
forty-three students absent from school between August and December of 2018. Students spend
seven hours a day at school, and the school serves as a viable place to coordinate education and
medical services to address the school-age child health care needs holistically. This project
aimed to evaluate the implementation of an SBHC in a high school and whether the SBHC
directly influences attendance for chronically ill students. The SBHC provided the following
services to students of the project high school; COVID-19 testing, wellness exams, sports
physicals, lab services, acute and chronic illness medical care, X-rays, immunizations, referrals
for specialized care, flu shots, vision screenings, behavioral health, and women's health. All
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students seen in the SBHC were required to have parental consent before the initiation of any
services. No students were declined services due to an inability to pay, and also there were not
any fees collected for any student that did not have insurance coverage.
Problem Statement
The PICO question guiding this DNP project was: Does the implementation of a schoolbased clinic decrease the number of absences for students in a ninth – twelfth-grade high school.
(P) ninth – twelfth-grade high school students' attendance (I) school-based health clinic
implementation (C) compared to non-implementation of SBHC (O) decrease absences. The
population of interest includes student data from a local high school. The problem emerged as a
viable DNP project after assessing data from a school nurse's annual health reports. The report
revealed that several students were sent home or did not attend school due to illnesses, sickness,
or other health-related problems. The project evaluated student attendance after the
implementation of the SBHC and compare student attendance during a pre-implementation
period to the same calendar year with a school-based clinic. It is relevant to note that the SBHC
opens on the first day of school for the project site. The clinic operates from eight am until fourthirty pm, Monday thru Friday year-round.
Organization Description of Project Site
Birmingham City School is the fourth-largest school system in the State of Alabama, with
over twenty-two thousand students. The makeup of the school district includes forty-two
schools: twenty elementary schools, seven kindergartens to eighth-grade schools, eight middle
schools, and seven high schools. All district schools carry the distinction of title one schools
because eighty-eight percent of the students qualify for free and reduced lunch.
The project school site resides on the western side of the metropolitan city, Birmingham,
Alabama. The enrollment average is six-hundred seventy-one students. There is one-hundred
percent minority enrollment.
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The SBHC opened in August of 2019. The SBHC is a federally qualified health center
(FQHC) managed by Alabama Regional Medical Services (ARMS). The SBHC occupied five
rooms within the project high school consisting of the following: lab storage space, behavioral
health services office, reception area, exam room, and physician's office.
Review of Literature
Evidence collection was focused on the implementation of an SBHC to improve student
attendance rates. The results yielded only a few articles within the last five years to support the
PICO question. The review studies range from systemic reviews and a population-based study.
The literature supports SBHC to improve educational obstacles and increase receipt of needed
medical services. The research found that students with chronic health conditions had a higher
number of absences versus their non-medical peers. Absenteeism directly impacts student
academic achievement and dropout rates. The research also supports school-based interventions
as a possible resolution to reduce absenteeism related to health conditions.

Knopf, J. A., Finnie, R. K., Peng, Y., Hahn, R. A., Truman, B. I., Vernon-Smiley, M.,
Community Preventive Services Task Force (2016). School-Based Health Centers to
Advance Health Equity: A Community Guide Systematic Review. American Journal of
preventive medicine, 51(1), 114–126. DOI:10.1016/j.amepre.2016.01.009
Knopf et al. (2016) conducted a systematic review. The researchers concluded that the presence
and use of SBHCs are associated with improved educational and health-related outcomes, thereby
improving the health equality of poor and disadvantaged students. Additionally, Knopf noted
substantial educational benefits related to SBHC included reductions in student hospital visits,
school suspensions and high school non-completions, and an increase in grade point averages and
promotions. Finally, the study acknowledges many of the students that need the services of the
SBHC often did not use the services available to them, which leads to the question of how to
promote families and students to participate in SBHC.
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Askeland, K. G., Haugland, S., Stormark, K. M., Boe, T., & Hysing, M. (2015). Adolescent
School absenteeism and service use in a population-based study. BMC public health, 15,
626. doi:10.1186/s12889-015-1978-9
The study by Askeland et al. (2015) sought to evaluate attendance for students with chronic health
conditions and concluded that adolescents with high absence had increased use of health services.
This finding suggests a potential to address school absenteeism through systematic collaboration
between schools and health personnel. SBHC is a viable tool to tackle student absenteeism by
providing access to healthcare and the management of chronic health conditions. Askeland et al.
studies also recognized school absenteeism as a public health problem that could be solved by the
collaboration and conjunction of health professionals at schools. The SBHC can partner with
student medical providers, not to replace them, to promote optimal health and wellness.
Arenson, M., Hudson, P. J., Lee, N., & Lai, B. (2019). The Evidence on School-Based Health
Centers: A Review. Global pediatric health, 6, 2333794X19828745.
DOI:10.1177/2333794X19828745
Arenson, Hudson, Lee & Lai (2019), a review began with three high impact reviews that covered
SBHC history, health outcomes, cost benefits, and impact on health equity. After reviewing more
than three hundred peer-reviewed articles, the data emerged into four general classifications, which
include; financial, physical health, mental, and educational outcomes. The study concluded that
SBHC promotes social mobility and health equity, with financial and physical benefits observed.
Additional studies are needed to align the SBHC directly with improving educational outcomes,
although the Community Preventive Service Task Force actively supports the implementation.
The research used several search engines such as Pub Med, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Cochrane, Medline, and EBSCO HOST to gather
systematic reviews and peer-reviewed articles.
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Evidence-Based Practice: Verification of Chosen Option
The evidence supports the implementation of the SBHC to improve student health and
educational outcomes. Most studies indirectly linked improved attendance but noted students to
have higher academic achievements after the integration of health services within the school
setting. The Community Preventive Services Task Force (2016) recommends the implementation
and maintenance of school-based health centers (SBHCs) in low-income communities, based on
sufficient evidence of effectiveness in improving educational and health outcomes. SBHCs
address issues of accessibility of health care, thereby increasing time spent in the school setting,
consequentially improving attendance and student academic outcomes. Arenson, Hudson, Lee, &
Lai's 2019 study did note SBHC utilization was associated with improved educational outcomes,
such as improved GPAs, attendance, grade promotion, college preparation, and reduced rates of
suspensions. Another study by Askeland et al. (2015) concludes that absenteeism may be
examined as part of routine health care to identify unrecognized problems related to health,
behavioral, and social factors.
Theoretical Framework/Evidence-Based Practice Model
A systematic approach to solving the problem of student absenteeism related to chronic
illness is to utilize nursing theories to guide the development of practice changes and promote
health and wellness. The System's Model by Betty Neuman is one such theory that focuses on
prevention as an intervention. Betty Neuman developed the System's Model as an aid to graduate
nursing students in the early 1970s. The Neuman's Systems Model (NSM) emphasizes holism, a
wellness orientation, client insight and motivation, and a dynamic systems perspective of energy
and variable interaction with the environment to mitigate possible harm from internal and
external stressors. In contrast, caregivers and clients form a partnership relationship to negotiate
desired outcome goals for optimal health retention, restoration, and maintenance (Fawcett, 2005).
Neuman's Systems model is predominantly wellness-oriented and holistic. The NSM is grounded
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on ideas of stress and reaction to stress within the total environment of the defined client as an
open system.
The reduction of student attendance related to chronic diseases involved incorporating
prevention strategies that addressed health-related barriers to school attendance by addressing
environmental stressors such as accessibility to healthcare. The implementation of the SBHC did
support primary, secondary, and tertiary prevention interventions to foster wholeness and health
stability.
The NSM model's theoretical framework is flexible and accommodating to future
healthcare changes and growth through interdisciplinary collaboration. The NSM models are
successful in supporting individualized and population-based care models.
According to Keeton (2012), in middle and high schools, SBHCs may serve as an option
for early counseling, intervention for behaviors, and supporting adolescents in their increasing
ability to play an active role in promoting their health. SBHC also assist the high school student
in knowledge on preventing and managing chronic disease in addition to navigating access to the
appropriate use of health services. The SBHC has the functional capabilities to address the
students' physiological and psychological barriers to promote optimal wellness.
Goals, Objectives and Expected Outcomes
Attendance has a direct relationship to student academic and social success. Several
environmental factors serve as barriers to school attendance. A rather significant problem is
poverty and health conditions. Student absenteeism is a significant problem in a school where
there is a high level of debt. Poverty alone causes adverse issues within the educational system.
This quantitative and qualitative DNP project aims to decrease barriers and the accessibility of
health care services to reduce student absenteeism related to chronic health conditions. These
DNP project aims to be realized by the following: (1) All project school students did have access
to an SBHC. The SBHC staff included an Advanced Practice Registered Nurse (APRN),
Licensed Practical Nurse or Registered Nurse, a receptionist, and a licensed Social Worker to
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address student needs holistically. (2) All project school student's attendance records were
evaluated from August to December 2018 and compared with the same timeframe from August
to December 2019. (3) Decrease student absenteeism related to health conditions by providing
wellness visits, vision, hearing, prescription refill, chronic disease management, women's health,
and mental health services. (4) Staff education around student referrals and SBHC services. (5)
Parent education provided during on-site student registration. The educational sessions occurred
in 1:1 and small group meetings with written literature and tours through the SBHC provided.
Additionally, parents received in-person education during the semester during football and
basketball games. The educational session included handouts, verbal presentation, question and
answer time, and tour of the clinic facility. Next, the school staff received education provided in
person at the opening of the SBHC. The educational session included: the SBHC student referral
process, copies of the referral document, and a question and answer sessions with tours. Finally,
an open house to see the SBHC and Student life Center ensued with media invitation. Each
module of training had a leader, which consisted of the DNP project manager, DNP preceptor,
ARMS staff, and school nurse.
The project outcomes seek to address the project's plan to develop a viable intervention to
address student absences related to health-related conditions. The SBHC did serve all high
school students and decrease poor attendance for all students.
Project Design
The methodology chosen for this DNP project relied on the assumption that
implementing a School-based health clinic (SBHC) in a high school can assist in reducing the
number of student absences related to the chronic health condition. The project design is a
mixed-method program evaluation project to assess the effectiveness and efficiency of an SBCH
relationship to Student attendance. Attendance data was collected and reviewed on all students.
The student's absenteeism rates received comparison to their attendance rates during the same
time before the implementation of an SBHC.
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Project Site and Population
The DNP project implementation was at a high school for ninth - twelfth-grade students.
The school site serves a student body of over 600 students. The project high school employs a
licensed practical nurse (LPN), who manages care for all schools requiring medications or
treatments for chronic health conditions. The LPN's role is to triage all students before initiating
a referral to the SBHC. All students referred to the SBHC are required to have parental consent
before an evaluation at the School-based Health Clinic (SBHC).
The makeup of this clinic is a medical facility on the campus of the project high school.
As a necessity, the SBHC provided access to the following: acute and chronic health care
management, lab services, well-child exams, sports physicals, prescriptive services,
immunizations, X-rays, women's health, and coordinated behavioral health services. The staff
employed a receptionist, a licensed nurse, a nurse practitioner, and a licensed social worker. The
project does not involve a special population or any human subjects.
Inclusion Criteria
The selection of project participants is essential in conducting the generalizability and
validity of the project evaluation. The inclusion criteria for this program evaluation project
include all students of the project high school.
Exclusion Criteria
There were no student exclusions from the project high school.
Setting Facilitators and Barriers
The DNP project served to counsel and assist in the facilitation of the SBHC project. The
Preceptor guided and managed the implementation of the SBHC as well as provided direct
supervision of the DNP project, continuous guidance, and feedback. In collaboration with the
project preceptor, the SBHC vision and goals frequently changed to better support students and
student health outcomes.
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Potential barriers to the implementation of this DNP project involved poor attendance
record-keeping by the school's attendance staff. Solutions to address this potential barrier
requires the following steps: training staff on the importance of precise record-keeping,
establishing a relationship with the attendance staff, and follow-up routinely on any unforeseen
obstacles to maintaining attendance.
Implementation Plan/Procedures
Annually, school attendance is a topic of discussion within the project site school district.
Attendance issues yearly are a barrier to student success. The DNP project manager worked on
an interdisciplinary team to develop in school strategies for decreasing school attendance.
Community resources also served to collaborate in the implementation of the SBHC. The DNP
project manager and Preceptor developed an implementation plan and received school board
approval, thus the creation of a memorandum of understanding (MOU). Following that initial
step, the project preceptor completed the FQHC status application. Next, logistical changes to the
DNP project site; painting, furniture purchased, wiring for internet, and vaccination storage. The
SBHC staff received an introduction to the DNP project manager with organizational visions and
goals discussed. The SBHC opened in the project school on August 8, 2019. The DNP project
manager provided consents to parents during registration and any time applicable after that.
Students attending the clinic are required to have parental consent before services. Students were
required to triage by the school nurse and then referred to the SBHC if additional services were
necessary. The student signed in to the clinic and received an evaluation by the practitioner. The
DNP project coordinator received the data around students sent home or the number of students
referred back to class. Secondly, monthly student attendance data attained from August thru
December 2019. School nurses and SBHC staff should work as partners to develop policies,
collect data, and evaluate processes to improve health outcomes for the students and
communities they serve (School Nurses, 2015). The tasks of the clinic are to provide sick and
well health care services, mental health, and counseling services. The SBHC can prescribe and
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treat acute and chronic health conditions. The facility staffing includes a nurse practitioner or
medical doctor, nurse, medical assistant, and a licensed social worker. Any student or staff
member may receive services from the health clinic.
Measurement Instrument
Mann Whitney Test or (Wilcoxon-Mann- Whitney) test is the choice in comparing the
efficacy of two treatments or populations. Equally significant differences in shapes often
accompany differences in populations' medians.
Data Collection Procedures
Chalkable INOW is a student data system used by school districts in the state of
Alabama, which allows the recording of student attendance, grades, emergency information,
health information, and more. Attendance information is collected at the beginning of each
school day by a teacher and or school secretary. Students are required to attend school the entire
day to be classified as being present for the school day. The data provided a breakdown of the
student with disabilities attendance and absences in the data search. The DNP project manager
accessed attendance data at the end of each month. The attendance data from August to
December 2018 was accessed and compared to the attendance data for the same timeframe in
2019.
Secondly, data collection from the SBHC involved how many students visited the clinic,
services offered, and how many students either remained at school or had to go home. The
collected data was forward to the project statistician, who applied a Mann-Whitney U test on the
data for comparative analysis.

After the data analysis, the information was utilized and shared with organization
administrators as a catalyst for the integration of more SBHC and the revision of the existing
structure to improve student utilization and improved health outcomes.
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Data Analysis
A research study determined if a school-based health center in a local high school
impacted the number of absences seen at the high school. Before the health center opened,
monitoring occurred of the current enrollment, enrollment for students with disabilities (SWD),
and chronic absences from August 2018 through December 2018. Overall, during this timeframe,
enrollment trended downward, SWD enrollment remained about the same, and absences seemed
to decrease.

In 2019, after the school-based health clinic was made available to all students and staff,
the same three factors were followed from August/September 2019 to December 2019. Current
enrollment stayed the same, SWD enrollment slightly increased, and absences tended to increase
over time. The frequency of chronically absent in December 2019 exceeded the chronically
absent rate for any time point recorded in 2018. Between August 2018 and December 2019,
absences averaged 143 per month; during the same period in 2019, there was an average of 154
deficiencies per month. A Mann-Whitney test of medians indicated there was no difference in the
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number of absences between the two periods. There was no change in the number of absences
after the implementation of a school-based health clinic was opened.

Cost-Benefit Analysis/Budget
The DNP student incurred all costs for materials and development of the project. No
external funding existed. The cost incurred to develop and conduct this project are related to the
price of a statistician's for analysis of the project data.
Student's health and academic success are the leading benefits of the project. Research
suggests that U.S. schoolchildren with this treatable and remediable condition miss a combined
14 million school days each year (Robert Wood Johnson Foundation, 2016). The DNP project
aims to support the ideology that school-based health care can decrease student absences
subsequently improve student achievement and academic success. The administrative staff of the
project implementation site received data from this project.
Timeline
The DNP project plan is in a word chart found in Appendix C. The Timeline established a
method to streamline and document the efficiencies of the project.

Ethical Considerations/Protection of Human Subjects
The Jacksonville State University Institutional Review Board (IRB) approval was
obtained before initiating the DNP project. The Health Insurance Portability and Accountability
Act of 1996 protects all participants (HIPPA). The DNP student and project site personnel
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followed the practice guidelines and guidelines of The Family Educational Rights and Privacy
Act (FERPA). FERPA prohibits a school from disclosing personally identifiable information
from students' education records without the consent of a parent or eligible student; unless
FERPA's general consent rule applies. No information collected as part of the impact of this
project shall include any patient identifiers. No distinct population or human subjects were
involved in this DNP project. The data is password-protected to prevent unauthorized users; only
the DNP student maintained access.
Conclusion
Student absenteeism plays a significant role in student academic achievement. Higher
incidences of missed days in the class setting may have lifelong consequences. Health has a
direct effect on school attendance. Health days missed may include preventive care, illnesses,
chronic health conditions, or behavioral health. Many students around the United States struggle
with maintaining school attendance and optimal health. The implementation of SBHC opened at
the start of school, in the project school. After the DNP project concluded, the data analysis did
not support the proposed outcome of decreasing student absences through the integration of an
SBHC. Based on the conclusion, additional projects are needed to evaluate the impact of SBHC
to improve student health outcomes. However, the utilization of mental health services supports
the need for added school-based mental health services.

19
References
Arenson, M., Hudson, P. J., Lee, N., & Lai, B. (2019). The Evidence on School-Based Health
Centers: A Review. Global pediatric health, 6, 2333794X19828745.
DOI:10.1177/2333794X19828745
Askeland, K. G., Haugland, S., Stormark, K. M., Bøe, T., & Hysing, M. (2015). Adolescent
School absenteeism and service use in a population-based study. BMC public health, 15,
626. DOI:10.1186/s12889-015-1978-9
Buckwalter, K. C., Cullen, L., Hanrahan, K., Kleiber, C., McCarthy, A. M., Rakel, B.,
Tucker, S. (2017). Iowa Model of Evidence-Based Practice: Revisions and
Validation. Worldviews on Evidence-Based Nursing, 14(3), 175–182. https://doiorg.libproxy.jsu.edu/10.1111/wvn.12223
Care Delivery for Filipino Americans Using the Neuman Systems Model - Scientific Figure on
ResearchGate. Available from: https://www.researchgate.net/figure/The-NeumanSystems-Model-Original-diagram-copyright-1970-by-Betty-Neuman_fig1_261752296
[accessed July 9, 2019]
Center for Disease Control (2017). Chronic Health Conditions and Academic Achievement
https://www.cdc.gov/healthyschools/chronic_conditions/pdfs/2017_02_15-CHC-andAcademic-Achievement_Final_508.pdf
Center for Disease Control (2019). About Chronic Disease
From: https://www.cdc.gov/chronicdisease/about/index.htm
Community Preventive Services Task Force. (2016). School-Based Health Centers to Promote
Health Equity: Recommendation of the Community Preventive Services Task
Force. American Journal of Preventive Medicine, 51(1), 127–128.
https://doi.org/10.1016/j.amepre.2016.01.008

20
Emerson, N. D., Distelberg, B., Morrell, H. E. R., Williams-Reade, J., Tapanes, D.,
& Montgomery, S. (2016). Quality of Life and School Absenteeism in Children With
Chronic Illness. Journal of School Nursing, 32(4), 258–266.
https://doi.org/10.1177/1059840515615401
Fawcett, J. (2005). Contemporary nursing knowledge: Analysis and evaluation of nursing models
and theories (2nd ed.). Filadelfia, PA: F.A. Davis.
Hauben, M. (2018). A visual aid for teaching the Mann–Whitney U formula. Teaching Statistics,
40(2), 60–63. https://doi-org.lib-proxy.jsu.edu/10.1111/test.12155
Keeton, V., Soleimanpour, S., & Brindis, C. D. (2012). School-based health centers in an era of
Health care reform: building on history. Current problems in pediatric and adolescent
health care, 42(6), 132–158. DOI:10.1016/j.cppeds.2012.03.002
Knopf, J. A., Finnie, R. K., Peng, Y., Hahn, R. A., Truman, B. I., Vernon-Smiley, M.,
Community Preventive Services Task Force (2016). School-Based Health Centers to
Advance Health Equity: A Community Guide Systematic Review. American journal of
preventive medicine,51(1),114–126.doi:10.1016/j.amepre.2016.01.009
Lum, A., Wakefield, C. E., Donnan, B., Burns, M. A., Fardell, J. E., & Marshall, G. M. (2017).
Understanding the school experiences of children and adolescents with serious chronic
Illness: a systematic meta-review. Child: Care, Health & Development, 43(5), 645–662.
https://doi-org.lib-proxy.jsu.edu/10.1111/cch.12475
Robert Wood Johnson Foundation. (2016). The Relationship between School Attendance and
Health. Health Policy Snapshot. Robert Wood Johnson Foundation. Robert Wood
Johnson Foundation. Retrieved from http://search.ebscohost.com/login.aspx?direct=true
&db=eric&AN=ED592870&site=edslive
National Association of School Nurses. (2015). The complementary roles of the school nurse and
School-based health centers (Position Statement). Silver Spring, MD: Author.
Samonte, P. R. V., & Vallente, R. U., Ph.D. (2018). Neuman systems model. Salem Press

21
Encyclopedia of Health. Retrieved from http://search.ebscohost.com/login.aspx?direct
=true&db=ers&AN=113931266&site=edslive
White, S., & Spruce, L. (2015). Perioperative Nursing Leaders Implement Clinical Practice
Guidelines Using the Iowa Model of Evidence-Based Practice 1.3. AORN
Journal, 102(1), 50–59. https://doi.org/10.1016/j.aorn.2015.04.001

22
Appendix A

23
Appendix B DNP Project Timeline
Figure 1. The Neuman Systems Model (Original diagram copyright 1970 by Betty Neuman).

Date Proposed

May-August
2019
May 2019
May 2019
AugustDecember 2019
August 8, 2019
August 20, 2019
October 1, 2019
March 1, 2019
June 27, 2020

Activity

Time Frame

Date Completed Resource/Notes

Development of
PICO question
DNP Project
Planning &
Development
CITI Training
DNP Preceptor
Contract
Practicum Hours
DNP Residency
Opening of
SchoolBased Clinic
IRB Application

January 2019-May 2019

March 2019

May-August2019

August 2019

May-August 2019
May-August 2019

May 29, 2019
June 6, 2019

September 20, 2019

In Progress

DNP Project Data
Collection
DNP Data Analysis
DNP Project Data
Presentation

October 2019- January
2020
February – March 2019
June 19, 2020

In Progress

August- December 2019
August 2019

Completed
Completed
In Progress

August 8, 2019

Completed

Upcoming
Upcoming
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Appendix C
Mann-Whitney U test

The Mann–Whitney U statistic is usually defined
by the following for samples of sizes n1 and n2 as
U1 ¼ n1n2 þ ð Þ ð Þ n1 ð Þ n1 þ 1 =2Þ–R1
U2 ¼ n1n2 þ ð Þ ð Þ n2 ð Þ n2 þ 1 =2Þ R2
U ¼ min ð Þ

Visual Mann–Whitney U for the relation U1 + U2 = n1 n2. [View Colour figure at
wileyonlinelibrary.com]
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